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USERS OF MID DLE ATMOSPHERE MOnFT.g 
REMARKS 

Joe Gamble, NASA/ Johnson Space Center 


The procedure followed for shuttle operations is to 
calculate descent trajectories for each potential shuttle 

S1 ^ u ? ing the Global Reference Atmosphere Model (GRAM) 
to interactively compute density along the flight path 100 times 
to bound the statistics. The purpose is to anllyze the fliah? 
dynamics, along with calculations of heat loads during re-entry 

T^b? al ?n 1S ^ Pr09 ? am makeS USe of the modified version of the 
Jacchia-70 atmosphere, which includes He bulges over the poles 
and seasonal latitude variations at lower altitudes. For ?hJ 

k^°Sp S to e 9o'km / t~ D . mode l is ? sed U P 20 km. Groves from 30 

. P It is extrapolated over the globe and faired 

into the Jacchia atmosphere between 90 and 115 km Since data 

d; t a°^ e ^ Hem i SPh6re was lackin 9' what was done ^ ?ha? 
the data was flipped over and lagged 6 months. Remarkably this 
procedure seems to work quite well. Y ' tnis 

tho When WindS are calcul ^ted from pressure data in 

the model there appear to be discontinuities. Modelers 

indicated that the GRAM was not designed to produce winds but 
good wind data is needed for the landing phaSe of ShuttlJ' 

dS?ina 1 re S Ank It ^ remarke< ? that use of atmospheric models 
uring re entry is one application where it is obvious that a 
single integrated atmosphere model is required. 
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APPLICATION TO AOTV 
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GRAM IS TIED INTO THE SIMULATION REAL TIME RATHER THAN FIRST 
GENERATING A ATMOSPHERE PROFILE OFF LINE FOR LATER USE IN THE 
SIMULATION. 
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EFFECTED 
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HE AMPLITUDE OF SHUTTLE OBSERVED DENSITY GRADIENTS WILL 
ALWAYS BE EXCEEDED DURING A SERIES OF GRAM RUNS- 
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ALT. 


STS-9 GRAM Simulation 
December - 57° Latitude 
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STS-9 GRAM Simulation 
December - 57° Latitude 



• UU U.00 l, 

RHO-MEflN/RHO-62 
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STS-9 GRAM Simulation. 
December - 57° Latitude 
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STS-4 GRAM Simulation 
July- 25-30° Latitude 



RH0-GRM/RH0-62 
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STS-4 GRAM Simulation 
July - 25-30° Latitude 
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EARLY AOTV 
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GRAM RANDOM PERTURBATIONS 
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